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TOOL SELECT IONJjETHOD^ MACHINE TOOL. 
CONTROL DEVICE, AND NUMERICALLY CONTROLLED LATHE 

TECHNICAL FIELD 

The present invention relates to a tool selection 
method for a machine tool. The present invention also 
relates to a control device for carrying out tool 
selection in a machine tool, and a numerically controlled 
lathe provided with such a control device. 

BACKGROUND ART 

In the field of machine tools (e.g., numerically 
controlled (NC) lathes), a configuration has been known 
in which a tool rest capable of carrying a plurality of 
tools, such as cutting tools, drills, etc., as to be 
mounted thereon in a parallel arrangement (hereinafter 
referred to as "a gang tool rest"). is provided, in such a 
manner that the gang tool rest can be operated for feed- 
motion along two control axes (e.g,, X-axis and Y-axis) 
orthogonal to each other on a lathe bed, A plurality of 
tools are mounted on the gang tool rest in parallel to 
and spaced from each other, with the respective tips or 
distal ends thereof being oriented in an identical 
direction. In an NC lathe provided with the gang tool 
rest, when a workpiece is to be machined with a desired 
tool on the gang tool rest, the position coordinates of 
the rotation center axis of the workpiece are applied to 
the origin of a workpiece coordinate system, and the 
target position of the tip or distal end of the tool is 
instructed in the workpiece coordinate system. 

During the execution of a series of machining . 
programs for a workpiece, in order to select a tool to be 
used, in each machining step, from a plurality of tools 
mounted on the gang tool rest, the gang tool rest is 
shifted to a retracted location in which the tips of the 
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plural tools do not come into contact with the workpiece, 
and is operated, as a f eed--motion, in a first control- 
axis direction (e.g., a Y-axis direction) parallel to the 
laying direction of the tools arranged side-by-side. 
5 Then, at an instant when the tip of the selected tool is 
aligned with the rotation center axis of the workpiece in 
a second control-axis direction (e.g., an X-axis 
direction) orthogonal to the first control axis 
direction, the tool selection process is completed. From 

10 this state, the gang tool rest is operated, as a feed- 
motion, in the second control-axis direction, and the tip 
or distal end of the selected tool is abutted to the 
workpiece so as to perform machining. The term tip of 
a tool" or "a distal end of a tool", as used herein, 

15 refers to the part of a tool which first comes into 
contact with the workpiece in a machining operation. 

The plural tools mounted on the gang tool rest may 
be arranged with the respective tips thereof being 
regularly positioned to be spaced the same distance from 

20 a standard tip position previously set as a 

characteristic value of the gang tool rest, or may be 
arranged with the respective tips being irregularly 
positioned to be spaced by different distances from the 
standard tip position. In a case where the above- 

25 described tool selection method is carried out, in a 
conventional NC lathe, for a gang tool rest carrying 
plural tools mounted to have irregular tip positions, the 
gang tool rest is retracted in the second control-axis 
direction to a location where the longest tool among all 

30 tools mounted on the gang tool rest (i.e., the tool 

having a largest tip distance between the tip position of 
each tool and the standard tip position) does not come 
into contact with the workpiece and, in this state, the 
subsequent tool selection (or replacement) operation in 

35 the first control-axis direction is performed. 

Alternatively, the gang tool rest may be retracted in the 
second control-axis direction up to a limit, in the 
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travel of the gang tool rest, permitted in terms of 
machine construction , 

In a case where the tool selection method is carried 
out, in the conventional NC lathe, for the gang tool rest 
5 carrying plural tools having irregular tip positions, the 
data of the outer diameter of the workpiece, the maximum 
tip distance from the standard tip position to the tip 
position of the longest tool^ the clearance distance for 
slightly spacing the tip of the longest tool from the 

10 workpiece during tool selection, and the tip position (as 
coordinates on a second control-axis) of each tool, are 
provided. After the machining operation using a 
currently selected tool is completed, an NC device 
processes this data, so as to move the gang tool rest 

15 along the second control axis to the retracted location 
and in the first control-axis direction to the retracted 
location and thus selects a next designated tool to be 
used thereafter, in the manner as described above. In 
the program of this tool selection method, a plurality of 

20 control blocks, such as a coordinate-system shift block 
for shifting a workpiece coordinate system from a 
location for the currently selected tool to a location 
for the next designated tool, a tool-tip positioning 
block for moving the next designated tool from a 

25 selection completing position to a machining position, a 
coordinate-system restoring block for restoring the 
workpiece coordinate system to a reference position, and 
so on, are described subsequently to a tool-number 
designation block for selecting a tool (due to this 

30 designation, tool selection is automatically performed) . 

The retracting motion of the gang tool rest to a 
location where the longest tool on the tool rest does not 
come into contact with the workpiece or a limit location 
in the permissible travel of the tool rest, conducted to 

35 carry out a tool selection for the gang tool rest on 
which plural tools are mounted at irregular tip 
positions, is unnecessary step in a feed motion and is 
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essentially useless in a machining operation and results 
in an increase in the idle time. As a result^ if the 
tool selection is performed many times^ the cycle time of 
the machining program is increased signif icantly, and a 
5 reduction in time of a manufacturing process is thereby 
obstructed. In the above-described program of the tool 
selection method in the conventional NC lathe^ it is 
necessary to describe the control blocks^ such as the 
coordinate-system shifting block executed before a 
10 machining-step control block, in addition to the tool- 
number designation block, which has been a considerable 
burden imposed upon programmers • 

DISCLOSURE OF THE INVENTION 

IS It is an object of the present invention to provide 

a tool selection method, in a machine tool including a 
tool rest capable of operating, as a feed-motion, along 
two control axes orthogonal to each other, wherein it is 
possible to eliminate a useless feed motion of the tool 

20 rest during the tool selection, and thus to effectively 
suppress the increase in the cycle time of a machining 
program. 

It is another object of the present invention to 
provide a tool selection method, in a machine tool 
25 including a tool rest capable of operating, as a feed- 
motion, along two control axes orthogonal to each other, 
wherein it is possible to significantly simplify the 
preparation of a tool selection program. 

It is a further object of the present invention to 
provide a control device for carrying out the above- 
described* tool selection method in a machine tool. 

It is still another object of the present invention 
to provide a numerically controlled lathe provided with 
such a control device. 

In order to accomplish the above objects, the 
present invention provides a tool selection method, in a 
machine tool including a tool rest movable along first 



30 



35 



27. Jan. 2005 18:49 AOKl, ISHlOAiASSOC. 81-3-54?0-1911 



NO. 2591 P. 12/45 



- 5 - 

and second control axes orthogonal to each other, for 
automatically selecting a desired tool from a plurality 
of tools mounted on the tool rest in a parallel 
arrangement laid in a first control-axis direction with 
5 respective tips thereof being oriented in an identical 
direction, the method comprising setting an inherent 
standard tip position for the tool rest; setting a 
clearance distance for slightly spacing the tips of the 
tools from a workpiece during tool selection; determining 

10 tip distances of all of the tools mounted on the tool 

rest, each tip distance being defined from the standard 
tip position to an actual tip position on the tool rest; 
identifying a maximum tip distance among the tip 
distances, in relation to a currently selected tool as to 

15 be firstly used/ a next designated tool as to be 

secondary used and an intermediate tool, if any, disposed 
between the currently selected tool and the next 
designated tool, in the all of the tools; moving the tool 
rest in a second control-axis direction after a machining 

20 operation using the currently selected tool is completed, 
and placing the tool rest at a tool-change starting 
position where a tip of the currently selected tool is 
spaced from the workpiece along the second control axis 
by a distance provided by adding the clearance distance 

25 to a difference between the maximum tip distance and a 
tip distance of the currently selected tool; moving the 
tool rest from the tool^-change starting position in the 
first control-axis direction, and placing the tool rest 
at a tool-change terminating position where a tip of the 

30 next designated tool is aligned with the workpiece in the 
second control-axis direction; and moving the tool rest 
from the tool-change terminating position in the second 
control-axis direction, and placing the tool rest at a 
tool-selection completing position where the tip of the 

35 next designated tool is spaced from the workpiece by the 
clearance distance along the second control axis. 

In a preferred embodiment, identifying the maximum 
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tip distance is carried out during a process of machining 
the workpiece. 

It is advantageous that the method further 
comprises, after placing the tool rest at the tool- 
5 selection completing position, shifting an origin of a 
workpiece coordinate system, which has been set at a 
rotation center of the workpiece in relation to the 
currently selected tool, by a distance corresponding to a 
difference between the tip distance of the currently 

10 selected tool and a tip distance of the next designated 
tool in the second control-axis direction, and setting a 
workpiece coordinate system for the next designated tool. 

Also, it is preferred that the method further 
comprises, after determining the tip distances of all of 

15 the tools mounted on the tool rest, comparing the tip 
distances of all of the tools with each other. 

In this arrangement, it is advantageous that, in a 
case where all of the tip distances are identical to each 
other as a result of comparing the tip distances of all 

20 of the tools, the maximum tip distance is not identified, 
the tool rest is moved in the second control-axis 
direction and is placed at a position at which the tip of 
the currently selected tool is spaced from the workpiece 
by a distance corresponding to the clearance distance 

25 along the second control axis, and the position is set as 
the tool-change starting position. 

The present invention also provides a control device 
for carrying out a tool selection method described above, 
comprising a storage section for storing the clearance 

30 distance and the tip distances of all of the tools 

mounted on the tool rest, as inherent data of the tool 
rest; a processing section for calculating, from the 
inherent data stored in the storage section, the maximum 
tip distance as well as the tool-change starting 

35 position, the tool-change terminating position and the 
tool-selection completing position, to issue a position 
command corresponding to these positions; and a drive 
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control section for controlling, in accordance with the 
position command issued from the processing section, a 
feed motion of the tool rest along the first and second 
control axes. 

5 The above control device may comprise a numerical 

control device, 

The present invention further provides a numerically 
controlled lathe provided with the control device as 
described above. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will become more apparent from 
the following description of preferred embodiments in 
15 connection with the accompanying drawings, in which: 

Fig» 1 is a schematic front view typically showing 
the configuration of a tool rest in a machine tool, to 
which a tool selection method according to the present 
invention can be applied, in a state where a machining 
20 operation using a currently selected tool is completed; 

Fig. 2 is a schematic front view showing the tool 
rest of Fig. 1 at a tool-change starting position; 

Fig. 3 is a schematic front view showing the tool 
rest of Fig. 1 at a tool-change terminating position; 
25 Fig. 4 is a schematic front view showing the tool 

rest of Fig. 1 at a tool-selection completing position; 

Fig. 5 is a block diagram showing the configuration 
of a control device capable of carrying out the tool 
selection method according to the present invention; 
■^^ ^^9- 6 is a flow chart showing the procedure of tool 

selection by using the control device of Fig. 5; and 

Fig. 7 is a schematic front view typically showing 
the configuration of another tool rest to which the tool 
selection method according to the present invention can 
35 be applied. 



BEST MODES FOR CARRYING OUT THE INVENTION 
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The embodiments of the present invention are 
described below in detail, with reference to the 
accompanying drawings. In the drawings, the same or 
similar components are denoted by common reference 
5 numerals. 

Referring to the drawings, Fig. 1 schematically 
shows a tool rest 10 in a machine tool/ which allows a 
tool selection method according to the present invention 
to be carried out conveniently. In the illustrated 

10 embodiment, the tool rest 10 is adapted to be installed 
in a numerically controlled (NC) lathe, and has such a 
configuration as to be operatable, as a feed-motion, on a 
lathe bed (not shown) along a first control axis (Y-axis) 
and a second control axis (X-axis) orthogonal to each 

15 other. The NC lathe includes a spindle 12 rotating with 
a workpiece W securely held thereon, and the tool rest 10 
is installed on the lathe bed with both the first and 
second control axes thereof being oriented orthogonally 
to the rotation axis 12a of the spindle 12. 

20 The tool rest 10 is a so-called gang tool rest 

capable of carrying a plurality of tools 14, such as 
cutting tools, drills, etc., in a parallel arrangement. 
The tools 14 are securely mounted on the tool rest 10 in 
a parallel arrangement wherein the tools are laid in 

25 parallel to and spaced from each other in a first 

control-axis (Y-axis) direction, with respective tips or 
distal ends 14a of the tools being oriented in an 
identical direction. The tool rest 10 is provided with a 
plurality of tool mount portions 16 to which the plural 

30 tools 14 are securely and individually mounted, and tool 
numbers TOl to T04 are assigned to the tool mount 
portions 16. The tool rest 10 possesses an inherent 
standard tip position (or a reference plane) R (shown by 
a dashed line) set in order to identify the tip position 

35 on the tool rest 10 for each tool 14 mounted to the tool 
mount portion 16. In the illustrated embodiment, the 
plural tools 14 are mounted on the tool rest 10 in such a 
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manner that the positions PI to P4 of the respective tips 
14a are irregularly disposed in relation to the standard 
tip position in other words, that the distances Dl to 
D4 between the standard tip position R and the tip 
5 positions PI to P4 of the tools 14 (measured along the 
second control axis (X-axis); i.e., tip distances) are 
variously defined (see Fig. 1) • 

Next, a tool selection method, according to an 
embodiment of the present invention, for automatically 

10 selecting a tool 14 to be used for respective machining 
steps from among the plural tools 14 mounted on the tool 
rest 10, during the execution of a series of machining 
programs in relation to a workpiece W in the NC lathe 
having the above configuration, will be described below 

15 with reference to Figs. 1 to 4 . 

First, the above-described standard tip position R 
inherent to the tool rest 10 is set, and for all tools 14 
mounted on the tool rest 10, the tip distances Dl to D4 
(measured along X-axis) defined from the standard tip 

20 position R to respective actual tip positions PI to P4 
(as X-coordinates) are determined (Fig. 1). Also, for 
all tools 14 mounted on the tool rest 10, the tip 
positions Ll to L4 (as Y-coordinates) of each tool 14, 
with respect to a machine origin M in Y-axis previously 

25 set on the lathe bed, are identified (Fig. 1). on the 
other hand, a clearance distance E (Fig. 2} is set for 
slightly (typically about 1 mm) spacing the tips of the 
tools 14 from the outer circumferential surface of the 
workpiece W during tool selection. 

30 Next, in connection with, among all tools 14, a 

currently selected tool 141 (Fig, 2) being used for a 
machining operation (in the illustrated example, a tool 
denoted by tool number T03) , a next designated tool 142 
(Fig. 2) as will be thereafter used (in the illustrated 

35 example, a tool denoted by tool number TOl), and an 

intermediate tool 143 (Fig, 2), if any, disposed between 
the currently selected tool 141 and the next designated 
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tool 142 (in the illustrated example, a tool denoted by 
tool number T02)/ the maximum tip distance (D2, in the 
illustrated example) is identified from among the tip 
distances of these tools. If there is no intermediate 
5 tool, the maximum tip distance is identified from the 

currently selected tool 141 and .the next designated tool 
142. After the machining operation using the currently 
selected tool 141 is completed, the tool rest 10 is 
operated, as a feed--motion, in + (plus)X-axis direction, 

10 and is placed at a tool-change starting position where 

the tip 14a of the currently selected tool 141 is spaced 
from the outer circumferential surface of the workpiece W 
along X-axis by a distance (D2 -(minus) D3 +(plus) E) 
provided by adding the clearance distance E to a 

15 difference (positive value) between the maximum tip 

distance (D2) and the tip distance (D3) of the currently 
selected tool 141 (see Fig. 2). 

Then, the tool rest 10 is operated, as a feed- 
motion, from the tool-change starting position (Fig. 2) 

20 in + (plus) Y-axis direction, and is placed at a tool- 
change terminating position where the tip 14a of the next 
designated tool 142 is aligned, in an X-axis direction, 
with the rotation center axis of the workpiece W, i.e., 
with a spindle rotation axis 12a (see Fig. 3) . 

25 Basically, the tool-change terminating position is a 

position spaced from the tool^change starting position 
along Y-axis by a distance (L3 -(minus) Ll) equal to a 
difference (positive or negative value) between the tip 
position L3 of the currently selected tool 141 and the 

30 tip position Ll of the next designated tool 142 on Y-axis 
at the tool-change starting position. In the case where 
the currently selected tool 141 is a rotary tool such as 
a milling cutter, despite the tip of the currently 
selected tool 141 not being positioned, upon completion 

35 of the machining operation, to be aligned with the 

spindle rotation axis 12a in the X-axis direction, the 
tool-change starting position may sometimes be defined by 
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a position to which the tool rest 10 is operated, as a 
feed-motion, in + (plus) X-axis direction from such a 
misaligned position. In this case, however, the distance 
between the tool-change starting position and the tool- 
change terminating position is not equal to (L3 (minus) 
LI). During this feed motion in Y-axis direction {i.e», 
a tool change operation), the intermediate tool 143 
having the maximum tip distance D2, among the currently 
selected tool 141, the next designated tool 142 and the 
intermediate tool 143, passes through a position where 
the tip 14a is spaced from the outer circumferential 
surface of the workpiece W by the clearance distance E 
along X-axis - 

Finally, the tool rest 10 is operated, as a feed- 
15 motion, from the tool-change terminating position (Fig. 

3) in - (minus) X-axis direction, and is placed at a tool- 
selection completing position where the tip 14a of the 
next designated tool 142 is spaced from the outer 
circumference of the workpiece W by the clearance 
20 distance E along X-axis (see Fig. 4). Tool selection 
operation is thereby completed. Note that the tool- 
selection completing position is a position spaced from 
the tool-change terminating position along X-axis by a 
distance equal to a difference between the maximum tip 
25 distance (D2) and the tip distance (Dl) of the next 
designated tool 142. 

In the tool selection method as described above, in 
order to safely accomplish a tool change operation for Y- 
axis feed-motion in a tool rest 10 carrying the plural 
tools 14 at irregular tip positions, the tool rest 10 is 
retracted to a position where the intermediate tool 143 
having the maximum tip distance D2, among the currently 
selected tool 141, the next designated tool 142 and the 
intermediate tool 143, does not come into contact with 
35 the workpiece This retraction motion is a minimum 

necessary motion required to avoid interference between 
the tool 14 and the workpiece W during the feed motion of 
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the tool along Y-axis, Therefore, compared to a prior 
art method, by which a tool rest is retracted to a 
position where a tool having a maximum tip distance among 
all mounted tools (in the illustrated example, the tool 
5 14 4 denoted by tool number T04) does not come into 

contact with a workpiece, or to a limit position of the 
permissible travel of the tool rest, an unnecessary feed 
motion of the tool rest is eliminated as far as possible, 
and an idle time during a machining operation is thereby 

10 effectively reduced. As a result, even if a tool 

selection is performed many times, it is possible to 
significantly suppress an increase in a cycle time of a 
machining program. 

The tool rest 10 carries out the X-axis feed motion 

15 and the Y-axis feed motion as described above, in 

accordance with a previously- input machining program, 
under the control of, e.g., a numerical control device 
(hereinafter referred to as an NC device) provided for 
the NC lathe, so as to select the desired tool 14 in an 

20 indexing manner, and to move, for a machining operation, 
the tip 14a of the selected tool 14 in a direction toward 
and away from the workpiece W, Upon performing the 
machining operation, the position coordinates of the 
rotation center axis of the workpiece W, i.e., the 

25 rotation axis 12a of the spindle 12, is applied as the 
origin of a workpiece coordinate system, and the target 
position of the tip 14a of the tool 14 is commanded on 
the workpiece coordinate system. 

In the case where the above-described tool selection 

30 method is performed under the control of the NC device, a 
positional correlation between the tool rest 10 and the 
workpiece W during machining is altered between a 
machining step using the currently selected tool 141 and 
a machining step using the next designated tool 142, not 

35 only in Y-axis direction but also in X-axis direction. 
Therefore, it is also necessary to set the workpiece 
coordinate system to command a tool tip position at 
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respective suitable locations different between before 
and after the tool selection. In the above-described 
method, at the instant when the tool rest 10 is placed at 
the tool-change terminating position, first in connection 
5 with the Y-axis, the origin of the workpiece coordinate 
system/ which has been set at the Y-axis tip position of 
the currently selected tool 141, is shifted in the Y-axis 
direction to the Y-axis tip position of the next 
designated tool 142, Then, after the tool rest 10 is 

10 placed at the tool-selection completing position, in 
connection with X-axis, the origin of the workpiece 
coordinate system, which has been set at the rotation 
center 12a of the workpiece W with reference to the 
currently selected tool 141, is shifted in X-axis 

15 direction by a distance (D3 -(minus) Dl) equal to a 

difference (positive or negative value) between the tip 
distance D3 of the currently selected tool 141 and the 
tip distance Dl of the next designated tool 142. 
Thereby, it is possible to set the workpiece coordinate 

20 system for the next designated tool 142, 

On the other hand, in the case where the tip 
distances Dl to D4 of all tools 14 mounted on the tool 
rest 10 are identical to each other, it is not necessary 
to determine the maximum tip distance, and therefore, it 

25 is advantageous to adopt the following procedure in view 
of reduction in a calculating operation time. 
Specifically, after the tip distances Dl to D4 of all the 
tools 14 mounted on the tool rest 10 are determined, the 
tip distances Dl to D4 of the tools 14 are compared with 

30 each other. If all of the tip distances Dl to D4 are 
identical to each other, the calculating operation for 
identifying the maximum tip distance is omitted, and the 
tool rest 10 is operated, as a feed-motion, in X-axis 
direction, and is placed at a position where the tip 14a 

35 of the currently selected tool 141 is spaced from the 
workpiece W along X-axis by a distance equal to the 
clearance distance E. Then, this position is applied as 
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the tool-change starting position, and the tool change 
operation by a subsequent feed motion along Y-axis is 
performed. With this configuration, the tool rest 10 is 
operated for minimum retraction necessary to prevent the 
5 interference between the tool 14 performing Y-axis feed 
motion and the workpiece W, so that it is also possible 
to eliminate the unnecessary feed motion of the tool rest 
10 as far as possible. 

Next, referring to Fig. 5, the configuration of a 

10 control device, according to an embodiment of the present 
invention; for carrying out the above-described tool 
selection method in a NC lathe^ will be described. 
Although, in the illustrated embodiment, the control 
device is configured as a NC device installed in the NC 

15 lathe, the present invention is not limited to this 

configuration, but an alternative control device, other 
than the NC device, may be used. 

The NC device 20 includes an input section 22, a 
display section 24, a processing section (CPU) 26, a 

20 storage section (ROM 28 and RAM 30), and a drive control 

section 32. The input section 22 is provided with, for 
example, a keyboard including numerical keys (not shown) , 
and acts to permit data (such as tool selection, shapes 
and dimensions of machined article, rotation speed of 

25 spindle, feed speed of tools, etc.) required for 

controlling the respective operations of the tool rest 10 
and the spindle 12 in the NC lathe, as well as a 
machining program (i.e., a block sequence) for each tool 
14, including these data, to be input through the input 

30 section 22. The display section 24 is provided with a 

display unit (not shown), such as CRT (cathode ray tube), 
LCD (liquid crystal display) or the like, and acts to 
permit the data and/or the machining program input 
through the input section 22 to be displayed on the 

35 display unit, and to enable an automatic programming, 
accompanying a simulation, to be accomplished 
interactively on the display unit. 
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A control program for driving the tool rest 10 and 
the spindle 12 is previously stored in ROM 28 of the 
storage section. RAM 30 is provided with storage areas 
for storing various data relating to a tool selection 
5 function, such as a designated tool number storage area, 
a tool tip distance storage area, etc* Also, data 
relating to the plural tools 14 and the machining 
programs containing these data, which are input through 
the input section 22, are stored in ROM 28 or RAM 30 in 

10 accordance with the instruction from CPU 26. CPU 26 

outputs an operation command to the drive control section 
32 on the basis of various data and machining program 
stored in ROM 28 or RAM 30 and the control program stored 
in ROM 28, The drive control section 32 controls various 

15 drive mechanisms 34 respectively in accordance with the 
operation command from CPU 26, so as to make the drive 
mechanisms respectively actuate movable structures 36 
provided on the NC lathe, such as the tool rest 10, the 
spindle 12, etc. 

20 The tool selection method performed during the 

machining process of the workpiece W under the control of 
the NC device having the above-described configuration 
will be described below, in relation to the embodiment 
shown in Figs. 1 to 4, with reference to a flow chart of 

25 Fig. 6. In order to perform the tool selection method, 
the inherent data of the machining program, such as the 
diameter a of the workpiece W (Fig. 2), the clearance 
distance E, the tip distances Dl to D4 of all tools 14, 
and Y-axis tip positions Ll to L4 of all tools 14, are 

30 previously stored in RAM 30 of the NC device 20, 

When a tool selection start command is sent to the 
NC device 20, CPU 26 first reads out the data stored in 
RAM 30 and judges whether the tip distances Dl to D4 of 
all tools 14 mounted on the tool rest 10 are identical to 

35 each other {Step 101), If any tool has a different tip 
distance, CPU 26 calculates, in connection with the 
currently selected tool 141, the next designated tool 142 
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and the intermediate tool 143, the maximum tip distance 
D2 among the tip distances Dl to D3 thereof (Step 102). 
In this connection, even if the values Dl to D3 are 
identical to each other, and if only the value D4 is 
different therefrom, the routine proceeds to Step 102 to 
calculate the maximum tip distance (i.e,, any one of Dl 
to D3) . The calculated maximum tip distance D2 is stored 
in RAM 30. 

Note that the maximum tip distance D2 is usually 
identified during the machining operation of the 
workpiece W and at an instant when the tool selection 
start is commanded, as described above. Alternatively, 
the identification of the maximum tip distance D2 may be 
executed as a preliminary operation when the above- 
described inherent data for the machining program are 
stored in RAM 30 of the NC device 20. It is also 
possible to execute the comparison of the tip distances 
Dl to D4 in the same way. 

Next, CPU 25 calculates the tool-change starting, 
position of the tool rest 10 along X-axis, using the 
data, stored in RAM 30, of the workpiece diameter a, the 
clearance distance E, the tip distances Dl to D4 and the 
maximum tip distance D2, and instructs the calculated 
tool-change starting position, as an X-coordinate data, 
to the drive control section 32 (Step 103) , The drive 
control section 32 controls the X-axis drive mechanism 
34a {Fig. 5) of the tool rest 10 in accordance with the 
above instruction, so as to make the tool rest 10 
operate, as a feed-motion, in + (plus)X-axis direction, as 
already described. In this connection, the tool-change 
starting position of the tool rest 10 is designated in 
the workpiece coordinate system defined in relation to 
the currently selected tool 141, and its X-coordinate is 
[a/2 +{plus) E +(plus) D2]. 

If it is judged, in Step 101, that the tip distances 
Dl to D4 of all tools 14 are identical (D) , CPU 26 does 
not calculate the maximum tip distance, but calculates 
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the tool-change starting position of the tool rest 10 
^long the X-axis and passes it to the drive control 
section 32, using the data, stored in RAM 30, of the 
workpiece diameter, the clearance distance E and the tip 
5 distance D (Step 104). This procedure reduces the 
calculation operation time in CPU 26, In this 
arrangement/ the tool-change starting position of the 
tool rest 10 is designated in the workpiece coordinate 
system defined in relation to the currently selected tool 

10 141, and its X-coordinate is [a/2 +(plus) E +(plus) D] . 

Then, CPU 26 calculates the tool-change terminating 
position of the tool rest 10 along the Y-axis, using the 
data, stored in RAM 30, of the Y-axis tip distances LI to 
L4, and instructs the calculated tool-change terminating 

15 position, as Y-coordinate data, to the drive control 
section 32 (Step 105), In accordance with this 
instruction, the drive control section 32 controls the Y- 
axis drive mechanism 34b (Fig. 5) of the tool rest 10, so 
as to make the tool rest 10 operate, as a feed-motion, 

20 from the tool-change starting position in + (plus) Y-axis 

direction, as already described. In this connection, the 
tool-change terminating position of the tool rest 10 is 
designated in the workpiece coordinate system defined in 
relation to the currently selected tool 141, and its Y- 

25 coordinate is [L3 -(minus) LI]. After instructing the 
tool-change terminating position, CPU 26 shifts the 
origin of the workpiece coordinate system, which has been 
set at the Y-axis tip position of the currently selected 
tool 141, in Y-axis direction to the Y-axis tip position 

30 of the next designated tool 142, so as to execute a data 
shift operation with respect to Y-axis. 

Next, CPU 26 calculates the tool-selection 
completing position of the tool rest 10 along the X-axis, 
using the data, stored in RAM 30, of the workpiece 

35 diameter a, the clearance distance E, the tip distances 
Dl to D4 and the maximum tip distance D2, and passes the 
calculated tool-selection completing position, as X- 
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coordinate data, to the drive control section 32 (Step 
106) . In accordance with this instruction, the drive 
control section 32 controls the X-axis drive mechanism 
34a (Fig. 5) of the tool rest 10, so as to make the tool 
rest 10 operate, as a feed-motion, in the - (minus) X-axis 
direction from the tool-change terminating position, as 
already described. In this connection, the tool- 
selection completing position of the tool rest 10 is 
designated in the workpiece coordinate system defined in 
relation to the currently selected tool 141, and its X- 
coordinate is [a/2 +(plus) E +(plus) Dl] • 

After instructing the tool-selection completing 
position, CPU 26 shifts the origin of the workpiece 
coordinate system, which has been set at the rotation 
15 center 12a of the workpiece W in connection with the 
currently selected tool 141, in X-axis direction by a 
distance (D3 -(minus) Dl) equal to a difference (positive 
or negative value) between the tip distance D3 of the 
currently selected tool 141 and the tip distance Dl of 
20 the next designated tool 142, so as to execute a data 

shift operation with respect to X-axis (Step 107) . The 
workpiece coordinate system for the next designated tool 
142 is set in this manner* 

The above-described NO device 20 can be configured 
25 in such a manner that processes in Step 101 to Step 107 
of the tool selection method can be accomplished in a 
normal order, only by describing the control block (e.g., 
TOlOO) designating the tool number of the next designated 
tool in the machining program. In this arrangement, even 
when the tool selection is repeated in a series of 
machining programs, only one control block needs to be 
described for each tool selection command, so that it is 
possible to significantly facilitate a program preparing 
operation. 

The above-described tool selection method, according 
to the present invention, can be conveniently applied to 
a tool rest 40 exclusively used for drilling tools, such 
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as drills, each of which can be disposed axially in front 
of a workpiece W securely held by a spindle, as shown in 
Fig. 7. The tool rest 40 has a construction like a gang 
tool rest capable of carrying a plurality of drilling 
tools 42, such as drills, and is able to operate, as a 
feed-motion, in a first control axis (Y-axis) direction 
orthogonal to the rotation axis 12a of the spindle 12 and 
in a second control axis (2-axis) direction parallel to 
the rotation axis 12a. The drilling tools 42 are 
securely mounted on the tool rest 40 in a parallel 
arrangement wherein the tools are parallel to and spaced 
from each other in the Y-axis direction, with respective 
tips or distal ends 42a of the tools being oriented in an 
identical direction. The tool rest 40 possesses an 
15 inherent standard tip position (or a reference plane) R 

(shewn by a dashed line) set in order to identify the tip 
position on the tool rest 40 for each tool 42. In the 
illustrated embodiment, the plural tools 42 are mounted 
on the tool rest 40 in such a manner that the positions 
of the respective tips 42a are irregularly disposed in 
relation to the standard tip position R. It will be 
understood that the above-described tool selection method 
can also be suitably performed for the tool rest 40 as 
described. 

25 It should be noted that any of the tool selection 

method, the control device and the NC lathe, according to 
the present invention, can be applied to another 
configuration wherein, for example, the above-described 
gang tool rest carries both rotary tools such as drills 
and cutting tools, in a way similar to the illustrated 
embodiment, and can possess the same operative effects. 
Also, the tool selection method or the control device, 
according to the present invention, can be suitably 
applied not only to the NC lathe but also to the other 
35 automat ically^controlled machine tools. 

As will be apparent from the foregoing description, 
according to the present invention, it becomes possible. 
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for a tool selection method in a machine tool including a 
tool rest capable of operating, as a feed-motion, along 
two control axes orthogonal to each other, to eliminate a 
useless feeding of the tool rest during the tool 
5 selection, and thus to effectively suppress the increase 
in the cycle time of a machining program. Further, 
according to the present invention, it is possible to 
significantly simplify the preparation of a tool 
selection program, 

10 While some preferred embodiments according to the 

present invention has been described above, it will be 
understood that the invention is not restricted to those 
embodiments and that various changes and modifications 
may be made without departing from the disclosure of the 

15 claims. 



